Abstract. MicroRNA (miR)-202 has been reported to be involved in the regulation of human cancer progression including bladder cancer, non-small cell lung cancer, pancreatic cancer and esophageal squamous cell carcinoma. However, the function of miR-202 in prostate cancer remains largely unknown. The present study demonstrated that miR-202 was downregulated in human prostate cancer tissues and cell lines. And overexpression of miR-202 significantly inhibited the proliferation, migration and invasion of prostate cancer cells, but induced cell apoptosis. Moreover, miR-202 suppressed tumor growth in vivo. Regarding the underlying mechanism, it was revealed that phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α (PIK3CA) was a target gene of miR-202 in prostate cancer cells. Overexpression of miR-202 inhibited the mRNA and protein levels of PIK3CA in prostate cancer cells. Moreover, overexpression of PIK3CA abolished the inhibitory effects of miR-202 on prostate cancer cell proliferation, migration and invasion in vitro. Taken together, these findings demonstrated that miR-202 served as a tumor suppressor in prostate cancer by directly targeting PIK3CA.
Introduction
As one of the most common and aggressive cancers in male, prostate cancer (PC) contributes to a great number of cancer-related mortality around the world (1, 2) . Although surgery combined with chemotherapy seems to be effective for treatment of localized PC, most diagnosed PC patients have metastases because of no effective diagnostic biomarkers (3, 4) . Due to the distant metastasis of PC, the 5-year survival rate of PC remains unsatisfactory (5) . The incidence of PC is still quickly increasing and PC remains an important health problem worldwide (6) . Therefore, it is urgently required to determine the molecular mechanism of PC development and progression.
MicroRNAs (miRNAs) are about 20 nucleotides in length and regulate the degradation of target mRNAs by associating with the 3'-URT region of mRNAs (7) . miRNAs have been proven to regulate all kinds of biological processes, such as development, proliferation, apoptosis and metastasis (8) (9) (10) . Dysregulation of miRNA expression is often observed in human cancers, including PC (11) . For example, miR-141 suppresses PC stem cells and metastasis by targeting a cohort of pro-metastasis genes (12) . miR-194 suppresses PC cell migration and invasion by downregulating human nuclear distribution protein (13) . miR-141-3p promotes PC cell proliferation through inhibiting kruppel-like factor-9 expression (14) . Downregulated miR-26a modulates PC cell proliferation and apoptosis by targeting COX-2 (15) . miRNAs have been widely demonstrated to be important regulators in PC. Therefore, investigating the regulatory mechanism of miRNAs will benefit for the treatment of PC.
Emerging evidence shows that miR-202 acts as a tumor suppressor in some tumors. For instance, Yang et al (16) reported that miR-202 inhibits cell proliferation, migration and invasion of glioma by directly targeting metadherin. Meng et al (17) , shown that miR-202 promotes cell apoptosis in esophageal squamous cell carcinoma. However, the role of miR-202 in PC is largely unknown. In this study, we found that the expression of miR-202 was significantly downregulated in PC tissues and cell lines. And overexpression of miR-202 markedly inhibited the proliferation, migration and invasion of PC cells. Moreover, miR-202 overexpression promoted the apoptosis of PC cells. Mechanistically, we found that phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α (PIK3CA) is the target gene of miR-202 in PC cells. Overexpression of miR-202 inhibited the mRNA and protein levels of PIK3CA. Finally, we found that restoration of PIK3CA rescued the proliferation, migration and invasion of miR-202-overexpressing PC cells. Taken together, our results indicated that miR-202 acts as a tumor suppressor in PC by targeting PIK3CA. 6 ) that were transiently transfected with miR-202 mimics or miR-NC were suspended in 100 µ medium and subcutaneously injected into the left and right backside flanks of nude mice (n=6 mice/group) respectively. The volume of the in vivo tumor xenograft was calculated. Five weeks after initial injection, mice were sacrificed and PC xenograft was weighed.
Materials and methods

Patient samples.
Cell proliferation. Cell proliferation was measured by Cell Counting Kit-8 (CCK-8; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Briefly, cells were seeded into a 96-well plate at 1x10 4 cells/well and cultured for 48 h after transfection. Cells were then treated with CCK-8 reagent (10 µl/well) at 37˚C for 4 h. Absorbance at 450 nm was detected using a microplate reader (BioTek Instruments, Inc., Winooski, VT, USA).
Flow cytometric analysis of apoptosis. After double staining with FITC-Annexin V and propidium iodide (PI) using Annexin V-FITC apoptosis detection kit (BD Biosciences, Franklin Lakes, NJ, USA) at room temperature, cells were analyzed with a flow cytometry (BD LSRFortessa flow cytometer; BD Biosciences) equipped with CellQuest software (BD Biosciences).
Transwell assay. Cells were suspended in serum-free medium, and 3x10
4 cells (100 µl) was plated into the upper chambers of 
Results
miR-202 is downregulated in PC tissues and cells.
To determine the role of miR-202 in PC, we used qRT-PCR to analyze the expression of miR-202 in PC tissues. We found that miR-202 was significantly downregulated in PC tissues compared to adjacent normal tissues (Fig. 1A) . Then we checked the expression of miR-202 in 11 paired PC tissues. And we found that most PC tissues showed lower expression of miR-202 than paired normal tissues (Fig. 1B) . We also examined the expression of miR-202 in PC cell lines. We found that miR-202 was downregulated in PC cell lines (LNCaP, 22Rv1, PC-3 and DU145 cells) compared to normal RWPE-1 (Fig. 1C) .
miR-202 overexpression inhibits cell proliferation, migration and invasion of PC.
To further explore the function of miR-202, we overexpressed miR-202 in DU145 and LNCaP cells by transfection with miR-202 mimics ( Fig. 2A) . Then we performed CCK8 assay to check the proliferation of DU145 and LNCaP cells. We found that overexpression of miR-202 significantly inhibited the proliferatioin of DU145 and LNCaP cells (Fig. 2B) . Notably, we also analyzed the effect of miR-202 overexpression in RWPE-1 cell growth, migration and invasion. However, the results were not significant compared to control group (data not shown). Moreover, by staining with AnnexinV/PI, we found that miR-202 overexpression markedly increased the apoptotic cells (Fig. 2C) . PC metastasis greatly contributes to the malignance. Therefore, we evaluated the effect of miR-202 on cellular migration and invasion with transwell assay. As shown in Fig. 2D -F, we found that overexpression of miR-202 significantly suppressed the numbers of migrated and invaded cells. Taken together, our findings indicated that miR-202 suppressed that proliferation, migration and invasion of PC cells but induced cellular apoptosis.
miR-202 overexpression suppresses tumor growth in vivo.
To further investigate the function of miR-202 in vivo, we performed a xenograft experiment by subcutaneously injecting DU145 cells into the dorsal flank of nude mice. Tumor growth was closely monitored for 5 weeks. Results showed that overexpression of miR-202 significantly inhibited the tumor growth in vivo (Fig. 3A) . Similarly, the tumor weight was also significantly decreased by overexpression of miR-202 ( Fig. 3B and C) . Notably, the expression of miR-202 was still upregulated compared to control tumor tissues while PIK3CA expression was significantly downregulated (Fig. 3D) . Then we evaluated the cell proliferation of tumor tissues by western blot. We found that tumor tissues derived from miR-202-overexpressing DU145 cells showed less proliferation as the expression of Cyclin D1
and PCNA was lower than that in control group (Fig. 3E) .
Taken together, our findings demonstrated that overexpression of miR-202 inhibited tumor growth in vivo.
PIK3CA is a direct target of miR-202.
It has been widely acknowledged that miRNAs target the 3'-UTR region of specific mRNAs to exert essential biological functions.
To explore miR-202-mediated mechanism, we made a computer-based sequence analysis by TargetScan website and identified PIK3CA as a potential target gene of miR-202. There was a possible binding site of miR-202 in the 3'-UTR region of PIK3CA (Fig. 4A) . To determine whether miR-202 could target the mRNA of PIK3CA, we constructed luciferase reporter plasmid and performed luciferase activity reporter assay. As shown, overexpression of miR-202 significantly inhibited the luciferase activity in DU145 cells (Fig. 4B) . And mutation of the binding site in the 3'-UTR region of PIK3CA abrogated the inhibition of luciferase activity by miR-202 (Fig. 4B ). To illustrate that the endogenous miR-202 could regulate the expression of PIK3CA, we overexpressed miR-202 in DU145 cells and found that its overexpression significantly inhibited the mRNA and protein levels of PIK3CA in PC cells (Fig. 4C and D) . Besides, we found that PIK3CA expression was significantly upregulated in PC tissues compared to adjacent normal tissues (Fig. 4E ) and inversely correlated with that of miR-202 (Fig. 4F) , suggesting PIK3CA was a target of miR-202.
PIK3CA is involved in miR-202-mediated regulation of PC cell proliferation, apoptosis, migration and invasion.
To determine whether miR-202 inhibited PC cell proliferation, migration and invasion by targeting PIK3CA, we performed a rescue assay. We restored the expression of PIK3CA in miR-202-overexpressed DU145 cells by transfection with PIK3CA ectopically expressing plasmid (Fig. 5A) . Moreover, the effects of miR-202 overexpression on cellular proliferation, apoptosis, migration and invasion were significantly reversed by PIK3CA overexpression (Fig. 5B-E) . These results indicated that miR-202 suppressor the development and progression of PC by downregulation of PIK3CA.
Discussion
PC is one of the most common and aggressive cancers in male and contributes to a great number of cancer-related mortality around the world (1,2) . Nowadays, the mechanism of PC development still remains elusive. And PC is still a major challenge for people's health. Therefore, it is of vital importance to explore the molecular mechanism contributing to PC progression. In this study, we explored the function of miR-202 and its mechanism involved in PC. miRNAs have been widely acknowledged as important regulators in human cancers by serving as oncogenes or tumor suppressors (19, 20) . miR-202 was also proven to regulate the occurrence of some tumors. For instance, Sun et al (21) reported that miR-202 suppresses proliferation and induces apoptosis of osteosarcoma cells by downregulating Gli2. Zhang et al (22) , showed that miR-202 suppresses cell proliferation in human hepatocellular carcinoma by downregulating LRP6 post-transcriptionally. Wang et al (23) , reported PIK3CA is an essential subunit of phosphatidylinositol 3-kinase (PI3K), which regulates the activation of AKT (25, 26) . PI3K/AKT pathway is a vital regulator in cell proliferation, metastasis and apoptosis by modulating downstream targets, such as mammalian target of rapamycin (mTOR) and Cyclin-dependent kinase inhibitors (27) . Increasing evidence shows that PI3K/AKT pathway is closely related with the tumorigenesis, such as breast cancer (28) , hepatocellular carcinoma (29) and PC (30) . Dysregulated expression of PIK3CA led to abnormal activation of PI3K/AKP pathway and consequently development of cancers. In prostate, many studies reported that PIK3CA expression is linked to the progression of PC. For example, Agell et al (31) reported that PI3K signaling pathway is activated by PIK3CA mRNA overexpression and copy gain in prostate tumors. However, how miRNA regulates the expression of PIK3CA in PC remains elusive. In the present study, we found that PIK3CA was a direct target of miR-202 by bioinformatics prediction. Luciferase reporter demonstrated their interaction. Besides, we showed overexpression of miR-202 significantly inhibited the mRNA and protein levels of PIK3CA in PC cells. What's more, through functional experiments, we found that overexpression of PIK3CA significantly rescued the inhibitory effects of miR-202 on cellular proliferation, migration and invasion, and reduced cellular apoptosis.
In summary, our results demonstrated that miR-202 served as a tumor suppressor by targeting PIK3CA in PC, which provided a new sight on the development of therapeutic targets for PC treatment.
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